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The ability to adapt to a changing environment is of paramount importance both for the 
survival of the individual and for the success of species (McEwen, 2007).  At the level of the 
individual, it is important to have a stress-response system that can protect against 
predators, changes in climatic conditions and food availability, and internal stressors such as 
infection or blood loss (Lightman, 2008).  At a population level, it is the combination of 
individual survival and ability to reproduce that will determine evolutionary success. 
The neuroendocrine system is a major factor in an individual’s ability to maintain 
homeostasis and optimal function of cognitive and metabolic activities.  The flip side of this 
ability to respond to stress in a protective manner is that over activation of this same 
neuroendocrine stress response can actually result in increased morbidity and mortality from 
metabolic, cardiovascular and psychological disease. 
It has now been increasingly recognised that exposure of young animals to adverse 
conditions not only results in a stress response at that time but can programme the animal’s 
neuroendocrine, metabolic, behavioural and immunological responses for the rest of that 
animal’s life.  This permanent imprinting of an animal’s behaviour is most sensitive in early 
life and is known as programming (Barker, 1999).  Our current concept of this is that poor 
intrauterine or postnatal conditions result in epigenetic changes-changes in gene expression 
caused by mechanisms other than changes in the underlying DNA sequence - which 
contribute to altered gene function throughout the rest of the life of the animal (Heim, 2012).  
Many animal models have been developed to explore the mechanisms and outcomes of 
perinatal programming.  The offspring of stressed mothers have been shown to develop 
altered stress responses (Maccari, 1995) and even changes in maternal behaviour are 
sufficient to cause significant epigenetic changes in their offspring (Weaver, 2004).  In man, 
both pre and postnatal maternal anxiety and depression are sufficient to result in sustained 
programming effects on the autonomic nervous system and hypothalamic-pituitary-adrenal 
(HPA) axis of the offspring (Vedhara, 2012). 
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Glucocorticoids – the steroid hormones secreted from the adrenal cortex – appear to be very 
important mediators of stress-induced perinatal programming.  Many studies have shown 
that antenatal treatment with glucocorticoids results in decreased birth weight and abnormal 
HPA axis activity in later life (Kapoor, 2008) as well as being associated with increased risk 
of cardiovascular disease and the development of affective disorder (Seckl, 2004). 
The mechanisms underlying perinatal programming appear to involve dysregulation of the 
placental enzyme 11β-hydroxysteroid dehydrogenase type 2 which normally protects the 
foetus from maternal cortisol (Wyrwoll, 2009).  The end result is that the foetus, on exposure 
to high levels of cortisol develops epigenetic changes in glucocorticoid receptors.  This has 
been found both in rats (McCormick, 2000) and in man (McGowan, 2009). 
Positive and Negative Effects of Stress in Human Childhood 
Fast forward from the prenatal period into the first few years of childhood and it is still 
possible to observe these epigenetic alterations/perinatal programming of the stress 
response. In concert with life experience and stress exposure, these shape physiological 
reactivity and health outcome throughout adult life.  
The early years of childhood are a critical period for the influence of stress exposure on 
future health (Coe, 2003). The most graphic demonstration of the importance of maternal 
attachment for psychological and physical health in young infants is Harlow’s well-known 
attachment experiments (Harlow, 1959; Meyer, 1975) in which infant monkeys were 
experimentally orphaned and reared by surrogate machine mothers. In children, work at the 
more severe end of the early life adversity spectrum has drawn from examples of childhood 
physical, emotional or sexual maltreatment, including examples of children being 
institutionalised in extremely deprived orphanage environments. Such work has revealed the 
most striking dysregulatory effects on neuroendocrine functioning (Carrion, 2002; Cicchetti, 
2001; Gunnar, 2001). Whilst in the more severe orphanage cases a flatter diurnal profile and 
higher cortisol levels have been reported (Gunnar, 2001), the direction of this dysregulation 
is not consistent across the range of maltreatment experiences. Hypo- or hypercortisolism 
appears to depend upon the severity of the experience, duration of the stressor, age of the 
child during stressor exposure and timing of the neuroendocrine or health outcome assessed 
(Turner-Cobb, 2005). Less severe but still producing notable effects which are often delayed 
or long lasting is the effect of family functioning, in particular the maternal psychological 
state, on glucocorticoid regulation in young children. For example, the cortisol response of 
seven year old children experiencing an acute mild laboratory stressor was significantly 
greater in those who had been exposed to maternal clinical depression during the first two 
years of life (Ashman, 2002). Temperament seems to compound the relationship between 
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early life adversity and physical response with children who exhibit more introverted or 
internalising behaviours having elevated cortisol responses (Ashman et al, 2002). This 
trajectory of stress effects has been reported to extend into adolescence, with 13 year olds 
exposed to early life adversity in the form of post natal depression having significantly higher 
morning cortisol levels compared to controls (Halligan, 2004).  
Work in two particular areas of life events/potential stressors has enabled researchers to 
place stress responses in young children under the microscope in key naturalistic settings. 
The first of these is the experience of childcare (ie non-maternal group care away from the 
maternal home, either in a home environment with a child minder or in an institutionalised 
nursery or preschool environment). A fundamental difference is the lack of one-to-one 
maternal care and the replacement with group care with other children and often a range of 
carers. 
Childcare received some rather bad press back in the 1980’s and 90’s with anecdoctal 
horror stories of the emotional damage caused by out of home childcare experiences. Such 
accounts generated a wealth of research to scientifically examine the true toll of childcare.  
Important work in this area has identified low quality childcare, particularly in conjunction with 
certain types of temperament to have negative effects on the developing neuroendocrine 
system (Dettling, 2000). Quality of care received, coupled with temperaments of negative 
affectivity (greater fear, anger, discomfort) and lower effortful control (impulse control), was 
found to be related to cortisol increases over the day (Dettling, 2000). Increases in cortisol 
have been observed in the afternoon period when a decline would have been expected 
(Watamura, 2003). Yet it’s not just the more shy or introverted children who respond more to 
the demands of childcare. HPA axis responses have also been active in more extroverted 
children in these circumstances, suggesting the cause of cortisol dysregulation to be a 
mismatch between environment and individual temperament (Watamura, 2003; 
Zimmermann, 2004). 
There is a paucity of research that has looked longitudinally at the effects of childcare on 
health. A birth cohort study by Ball and colleagues (Ball, 2002) provides evidence that 
childcare experience may confer physiological benefits in terms of fighting infection. Children 
up to the age of three years who attended larger childcare facilities with six or more 
unrelated children were more likely to have a cold during the preschool years (Ball, 2002). 
However, they were less likely to have a cold during their formal school career up until the 
age of 13 when the chances of getting a cold equalled that of other children who had either 
not attended preschool or attended smaller childcare environments.  
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The consensus of this work then is that high quality childcare does not have negative effects 
on children in terms of their physical or psychological health and in fact may confer improved 
neurobiological outcomes with implications for physical health in subsequent years. Work in 
our laboratory also suggests that in children whose mothers were less satisfied in their work, 
the experience of childcare may be beneficial in preventing hypercortisol responses 
(Chryssanthopoulou, 2005).  
The other key naturally occurring life event for the majority of children in developed countries 
is that of the experience of starting school. This can be considered a naturalistic stressor as 
it involves the child entering a new social environment, engaging with teachers and peers in 
a relatively formal setting with the accompanying unpredictable and uncontrollable demands 
of adapting to a new physical environment and routine. Does the experience of starting 
school increase stress hormone levels and disrupt immunity to the degree which might 
influence health? Early work in the 1990’s suggested this was the case (Boyce, 1995) and 
more recent work has found cortisol at school transition to be  elevated if the child had less 
preschool experience (Quas, 2002). Our research group has conducted longitudinal work 
examining cortisol levels in children starting school at age four (Turner-Cobb,  2008). 
Controlling for childcare experience we found an anticipatory increase in mean diurnal 
cortisol levels up to six months before starting school, as well as an increase at transition, 
followed by an adaptive decline in cortisol levels six months later (Turner-Cobb et al, 2008). 
We also found associations between higher cortisol and more extrovert or impulsive 
temperaments and an interaction between more extroverted temperaments and the 
experience of social isolation being associated with higher cortisol six months after transition 
(Turner-Cobb et al, 2008). Prenatal stress has also been found to predict cortisol stress 
reactivity in five year old children starting their second year of schooling (Gutteling, 2005). In 
respect to health, in our transition study we found that higher cortisol at transition was 
associated with fewer colds over the following six months, indicating that the acute stress 
associated with starting school may prime the immune system to develop resistance to 
infection (Turner-Cobb,2011). This fits with the idea that whilst enduring or chronic stress 
may be damaging to health, acute stress may in some instances upregulate immune 
responses, an idea consistent with early stress work in adults (Selye, 1976) and work in 
animals (Dhabhar, 1997).  
These early experiences of stress may shape our psychoendocrineimmune profile. What 
happens if we take a much broader perspective on the effect of early experience and move 
beyond these more immediate timeframe effects? What is the degree of plasticity within 
physiological systems such as the stress response and when might the more severe 
experiences have long lasting effects? There is early evidence to suggest that early life 
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experiences can have an influence on our physiology and health well into adulthood. For 
example, in young adult women who had experienced childhood sexual or physical abuse, 
dexamethasone suppression of cortisol was observed in only those who also had a 
psychiatric diagnosis (Newport, 2004). This work suggests that early life stress can create a 
vulnerability to subsequent glucocorticoid dysregulation the outcome of which is determined 
by subsequent life events and responses to them. Indeed such epigenetic effects even 
appear to operate across generations, with reports of glucocorticoid alterations in adult 
children of parents who experienced severely stressful life events (Yehuda, 2001). 
There is also evidence using a variety of inflammatory markers including C-reactive protein, 
interleukin-6 and tumour necrosis factor that adversity during childhood may increase 
vulnerability to inflammatory diseases in later life. For example, low socioeconomic status 
(SES) experienced at age 2-3 years has been associated with proinflammatory markers in 
adolescence (Miller, 2007), low SES and emotional difficulties at age seven have both been 
associated with raised inflammatory responses in middle age (Appleton, 2012) and greater 
severity of childhood adversity from a range of causes has been associated with greater 
inflammatory responses and reduced life span in older age when combined with subsequent 
life stress such as caregiving (Kiecolt-Glaser, 2011).  
In conclusion, although there is some indication that changes in physiological functioning as 
a result of early life stress can become hardwired and resistant to restoration to normal 
functioning even when replaced by a more favourable environment in adulthood (Miller,  
2007), we do not know enough about the underlying mechanisms to conclude that these are 
indeed irreversible.  There is clear social need for early intervention in vulnerable or at risk 
children (Gunnar, 2001) and intervention may prevent pathological consequences in 
adulthood of chronic glucocorticoid exposure such as autoimmune disease (Dube, 2009), 
cardiovascular disease (Roy, 2010); and chronic pain conditions (Nicolson, Davis, 
Kruszewski, 2010). The key questions to address now are: when does a healthy stress 
response in developing children (required to facilitate optimum adaptation to cope with life’s 
challenges) tip into an inappropriate and damaging response (precipitated by severe, 
enduring or repeated stressors coupled with early adversity) and what is the degree of 
plasticity within this extremely delicate balance of neuroendocrine and immune factors?   
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